Abstract Systematic grain-size analysis has found that Chinese loess generally shows bimodal distribution composed of overlapped coarse and fine components. Sedimentary dynamic illustration indicates that the coarse component was mostly the product of low-level monsoonal circulation, and the fine component was mainly transported by high-level circulation dominated by westerly in northern China. Grain-size series of coarse component consistently indicates that the monsoonal circulation strengthened in glacial stages and weakened in interglacial stages over Loess Plateau. The latitude differentiation of fine component series suggests that the westerly circulation intensified and shifted to about 35 o N in glacial stages, conversely, weakened and shifted to 37 o N in interglacial stages. Grain-size variation trends of coarse and fine components revealed by Luochuan loess-paleosol suggest that the contribution of westerly circulation to eolian loess decreased and its intensity weakened in the last 2.6 Ma, which is accompanied by strengthening intensity and increasing contribution of the monsoonal circulation. This variation trend was marked by an abrupt change in the transition period of 1.2-0.9 Ma, which probably reflected the controlling role of Tibet Plateau uplift on the atmospheric circulation of northern China.
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Atmospheric circulation for transportation and deposition of eolian sediments of northern China has been an important palaeoclimatic issue of loess research. The first approach to the issue clarified the role of westerly circulation on transportation and sedimentation of loess [1] . The paleomonsoon theory interpreted the loess-paleosol sequences as the products of Asian monsoon circulation [2, 3] . The source areas, passage way and deposition areas of eolian dust of northern China are significantly affected by Asian monsoon circulation, while these areas are also located on the latitude zone of northern westerly circulation. The westerly has been working as the planetary circulation system in middle latitude of the northern hemisphere, and the monsoon circulation generally runs as low-level circulation system under the westerly [4] . The atmospheric circulation regime over Asian continent is generally controlled by monsoon overlying westerly circulations ( fig. 1(a) ). It is this kind of double-structure circulation system that is responsible for the transportation and deposition of eolian material of northern China.
Sedimentary dynamics of eolian sediments demonstrated that coarse grain population, or silt fraction in aeolian sediments, is generally transported by surface winds in short suspension episodes. Conversely, the fine grain population, or clay fraction, is mostly transported in long-term suspension in high-level atmosphere [5, 6] . The coarse eolian population carried by near ground winds in short-term suspension generally accumulates in the adjacent downwind areas of source region to form loess, whereas, the fine grains dispersing to high altitude may be transported by upper circulation in long-distance suspension and deposited in any downwind area far away from the source areas. Recent researches [7, 8] on grain-size distribution and sedimentary dynamics of eolian sand, loess and dust in Northern Pacific Ocean reinforced the above illustration, indicating that eolian sand consists of salting sand and fine background dust, and loess is composed of coarse silt arising from short-term, low-level suspension and fine background dust transported by westerly circulation. Meanwhile, distribution function fitting provides a mathematical technique for partitioning the subpopulations or sedimentary components of polymodal sediments [7] , which can detect the variations of both low-and high-level circulations from loess grain-size. Based on systematic grain-size analysis, this research investigates the variation behavior of monsoon and westerly circulation in Quaternary glacial-interglacial cycles and their trend in the last 2.6 Ma.
1 Grain-size components of eolian sediments, climatic implication and partitioning technique 1.1 Sampling, grain-size analysis and component partitioning Three types of samples were investigated. The first was from loess-paleosol sequences of the last glacial cycle. 7 sections of the last glacial cycle were selected along Xi'an-Huanxian transect line. A high latitude section was also selected at Yulin at the northern margin of Loess Plateau ( fig.  1(b) ). Samples were collected at 10cm interval for all sections. The second type of samples was collected from entire Quaternary sequence of Luochuan section at 5cm interval. The third type of samples is the modern dusts, including natural depositional dust and suspension background dust collected at Xifeng in 1999.
Before grain-size analyzing, chemical pretreatment [10] was used to remove organic material, carbonate and some clay minerals formed in pedogensis. Two laser grain-size analyzers were employed to do grain-size measurement. One is ANALYSETTE22 of FRITSCH Company, Germany, which has a measuring range of 0-1200 Pm with 0.25 ) interval and 54 grain-size fractions, the other is MASTERSIZER of MALVERN Company of UK, which has a measuring range of 0-870 Pm with 0.15 ) interval and 100 grain-size fractions.
Grain-size of Chinese loess generally spans a range of 0-150 Pm, possessing negative skewed distribution curve with a main mode at 16-32 Pm. Most samples have notable tuning at the fine sides of frequency curves, which are recognized as the second components ( fig. 1(c) ). The
